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INTRODUCTION

In November 1985, the U.S. Geological Survey conducted a seismic- 
refraction survey In southeastern California and western Arizona as part of 
the Pacific-Arizona Crustal Experiment (PACE), a multi-disciplinary transect 
extending from the Pacific Ocean to the Colorado plateau. The survey was 
centered over the Whlpple Mountains metamorphic core complex, an area 
characterized by extreme crustal extention. This report is a compilation of 
the data obtained during this survey.

Description of the Survey

The survey consisted of two crossing lines, that were laid out in three 
deployments and labeled (1) Chemehuevi, (2) Vidal, and (3) Dutch Flat. A 
total of 30 shots ranging in size from 225 to 1800 kg of high explosive were 
used in 20 cm boreholes 45 to 70 m deep. The explosives (ammonium nitrate 
containing high-pressure beads) were detonated with detonating cord, boosters 
and electrical blasting caps.

The Chemehuevi line trends SE-NW, from the Plomosa Mountains, north of 
Quartsite Arizona, to the Sacramento Mountains, west of Needles, California. 
This line consisted of 10 shots, including 2 offset shots. Average seismic 
recorder location spacing was 1 km except for 13 locations at the SE end where 
spare Ing was 2.3 km. Location of shot points and seismic recorder sites are 
listed in Tables 1 and 2, and plotted on Figure 1.

The Vidal and Dutch Flat lines comprise a profile that trends SW-NE, from 
the McCoy Mountains, west of Blythe California, to the Hualapai Mountains, 
south of Kingman, Arizona. Of a total of 20 shots, 11 were fired for the 
Vidal line and 9 for the Dutch Flat line. Shot points 1,4,7,11,12, and 14 
were each shot twice, once for each line, shot points 2,3, and 15 were 
recorded for the Vidal line only, and the shot points 5,6, and 16 were 
recorded for the Dutch Flat line only. For the Vidal line average station 
spacing was 0.5 KM, whereas for the Dutch Flat line the station 8paceing was 
approximately 0.6 KM
Location of shot points and seismic recorder sites are listed in Tables 1 and 
2, and plotted in Figure 1.

Instrumentation and Data Reduction 

Seismic Recorders

Field operations involved the deployment of 120 seismic recorders by six 
observers, each of whom was responsible for 20 instruments. The seismic 
recorders (Healy and others, 1982) are portable, weigh approximately 18 kg, 
are powered by two 6-volt rechargeable batteries and contain 30-minute 
cassette tapes to record data. Packaged with each seismic recorder is a 
single vertical-component 2-Hz geophone, which is removed, oriented, and 
burled when the seismograph is deployed. Each recorder also includes a 
chronometer, three independent amplifiers with pre-set attenuation settings, a 
calibrator, a tape deck, and a tape-speed-compensation tone generator (Figure 
17). Ten minutes prior to the expected seismic energy arrival time, a 
pre-programmed microprocessor in the seismic recorder performs a geophone



Figure 1: Geologic Map of Study Area, Compiled from Howard (1986), Jennings 
(1977), Reynolds (1980), and Wilson (1969).
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3
release test, an amplification check, and a calibration sequence consisting of 
a sine wave with a frequencey of 10 Hz and an amplitude of 1, 10, 100, and 
1000 mv. The response curve for the system peaks at about 20-hz (Figure 18).

Observers are responsible, before shots are fired, for syncronizing the 
clock in the seismic recorders, preprogramming the microprocessors with up to 
10 distinct recording times, and establishing accurate site locations. For 
this experiment, recording locations were surveyed prior to deployment of 
seismic recorders.

After shots have been fired, observers retrieve the seismic recorders, 
record chronometer drifts, and remove the tapes.

Data Reduction

Shot times are picked from a paper record on which WWVB, the master clock 
time code, and the detonation pulse are recorded. Shot times are generally 
accurate to + 2 milliseconds. Recorder locations and elevations were 
determined with an estimated accuracy of + 25 meters using 1:24,000 
topographic maps, color infrared aerial photos, and 1:63,360 orthophoto 
quadrangle maps.

 information pertaining to the performance of the seismic recorders is 
summarized in the Field Data Tables (Appendix A). After checking for errors 
in time and site locations, the seismic signals from the cassette tapes were 
digitized for a total of 20 seconds at a rate of 200 samples/second. 
Digitization begins at time - shot time - 2.0 sec. + distance/6.0 km/s. For 
offset shotpoints, digitization begins at time " shot time - A.O sec. + 
distance/6.0 km/s.

The record sections (Figures 2 though 16) are plotted with maximum trace 
amplitudes normalized to a common value and a reducing velocity of 6.0 km/s.



Archive Tape

Data included in this report are available on SEGY-format tapes recorded 
at 1600 BPI (Appendix B) from the following:

National Geophysical Data Center
NOAA/EGC1
325 Broadway
Boulder, CO 80303
Telephone: (303) 497-6123
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28 
Appendix A

Field Data Tables. These include infornation related to the seismic 
recorders. Each set of 20 recorders is given a team number under which data 
is stored and referenced. Each table contains shot number, shotpoint numbers, 
team number, and. shot time given in Julian day, hour, minute, and second. 
Column headings for the table are explained below:

Loc - location number from the seismic recorder location
(see Table 2).

Dist (km) - distance in kilometers from the shotpoint to the recorder. 
Azim - azimuth from the shotpoint to the recorder.

(in degrees clockwise from north).
Unit - I.D. number of the recording unit. 
Chron - chronometer correction for the recorder at shot time

(interpolated from the total clock drift). 
Cl, C2, C3 - amplifier attenuation setting (db) for each of three

data-recording channels. The gain of each channel is
determined by subtracting the given attentuation from a
total gain of 96 db.

Tape Grade Scale
Scale is a listing of all tape grade numbers used on the Field Data Tables. 

Each number corresponds to the performance of each recording unit.

0 Good, tape ran
1 Tape did not run
2 Tape ran, no signal
3 Bad time code
A Skipped record time
5 Not deployed
6 Clipped seismic trace
01 Filtered, 2-15 Hz band-pass
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APPENDIX B 

Archive Tape Data Format

Archive data tapes are written in SEGY standard format (Barry et al, 
1975). Recording density is 1600 bpi, phase encoded (PE). In order to 
accommodate seismic refraction data, some minor changes have been made to the 
tape header fields. A complete list of header fields is provided in the card 
image portion of the reel identification header, shown below:

C 1 REEL IDENTIFICATION HEADER BYTES:
C 2 3217 -3218 sampling interval (microsecs).
C 3 3221 -3222 number of samples per trace.
C 4 3225 -3226 data sample format code.
C 5 3255 -3256 measurement system (1 - meters; 2 - feet).
C 6
C 7 -
C 8 TRACE IDENTIFICATION HEADER BYTES:
C 9* 1 - A trace sequence number within reel.
CIO 5 - 8 trace sequence number within reel.
Cll 9-12 station location number.
C12 29 - 30 trace ID code (1 - seismic data).
C13 37 - AO shotpoint-receiver distance (M).
C1A Al - AA station elevation (M).
CIS A5 - A8 shotpoint elevation (M).
C16 A9 - 52 source depth (M).
C17 69 - 70 scalar to be applied to all elevations.
C18 71 - 72 scalar to be applies to all coordinates.
C19 73 - 76 shotpoint coordinate - X.
C20 77 - 80 shotpoint coordinate - Y.
C21 81 - 8A receiver coordinate - X.
C22 85 - 88 receiver coordinate - Y.
C23 89 - 90 coordinate units (1 - meters; 2 - seconds of arc).
C2A 115 - 116 number of sdamples in this trace.
C25 117 - 118 sample interval in microseconds for this trace.
C26 121 - 122 instrument attenuation in db.
C27 157 - 158 shot time - year.
C28 159 - 160 shot time - day of year.
C29 161 - 162 shot time - hour of day (2A hour clock).
C30 163 - 16A shot time - minute of hour.
C31 165 - 166 shot time - second of minute.
C32 167 - 168 time basis code (2 - GMT).
C33 181 - 182 shot time - milliseconds.
C3A 183 - 184 shotpoint location number.
C35 185 - 186 recording instrument unit number.
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C36 191 - 192 distance weighting exponent (hundredths).
C37 193 - 194 shot sequence numver (shot number).
C38 195 - 196 shot size (kg).
C39 197 - 200 shot point - station azimuth (second of arc).
C40 201 - 204 time of first point minus shot time (msec).

The data point format is "32 bit floating point", and the appropriate bytes 
(3225-3226) of the binary reel id header contain a value of 1. The trace 
amplitudes have not been adjusted for instrument gain, but the gain correction 
factor can be estimated from the instrument attenuation value (att)specified 
in bytes 121-122. To correct for gain, the data should be demeaned and then 
multiplies by:

(att/20) 
10

The measurement system (bytes 3255-3256 of the binary reel header) is set to 
1, meters.

Shot point and receiver coordinates are in seconds of arc (byte field 89-90). 
The coordinate scalar multiplier (bytes 71-72) is set to -100, so the 
coordinates (bytes 73-88) are in hundredths of a second of arc.

Byte's 157-166 and bytes 181-182 refer to the shot detonation time. The time 
of the first data sample is found by adding the shot detonation time to the 
time specified in bytes 201-204.

Since there is no weighting of amplitudes with distance for archive tapes, the 
distance weighting exponent (bytes 191-192) is not used.

Shot sequence number (bytes 193-194) refers to the order in which shots were 
fired during the field campaign.


